Introduction
The exposure to biocontaminants is well documented and studied in several occupational settings, and few data are available in animal facilities, although more attention has been addressed to animal allergens. These biological agents are aeroallergens, mainly lipocalins, derived by different biological fluids and/or tissue (saliva, serum, urine, dander, hair, fur) that remain in suspension for different times in relation to meteorological conditions and factors influencing their dispersion [1, 2] . In recent years, the topic regarding animal allergen exposure has been treated both in pets [3] [4] [5] and experimental animals [6] [7] [8] [9] , and attention has been also addressed to co-exposure of allergens and endotoxins in these workplaces, although in a more restricted way [10] [11] [12] [13] [14] [15] . Exposure to biocontaminants in animal facilities in USA and in the United Kingdom has received great attention [16] [17] [18] [19] as demonstrated by the NIOSH publication in 1998 [20] , where the so-called LAA (Laboratory Animal Allergy) was considered an occupational risk, and by Gordon in 2001 [21] . Various papers have been published in scientific literature both as a review [22] [23] [24] and experimental studies [25] [26] [27] while in Italy the topic of LAA is not studied carefully yet.
Health effects reported on laboratory animal workers (LAWs) are mainly represented by asthma, rhinitis, conjunctivitis, dermatitis and anaphylaxis [8, 19, 28] . Discordant percentages of LAA have been reported in the LAWs and these differences could be attributed to different evaluation methods (questionnaires, analytical test, etc.). In this context a relevant aspect is represented by environmental exposure to animal allergens, and although a lot of papers report the monitoring of these biocontaminants, there is some difficulty in comparing results because of the differences in sampling and analytical methods [29] [30] [31] [32] . In addition to allergens, there are several other biological agents in animal facilities with possible health consequences such as airborne bacteria, fungi and microbial indicators (endotoxin and (1,3)-β-d-glucan) which may originate from animals (fur, epidermal material), their waste (feces and urine) and materials used in their maintenance (food, bedding) [33] . Airborne endotoxin, an outer membrane component of Gram-negative bacteria, has been identified as the major risk factor for nasal, chest and skin symptoms also contributing to allergy diseases [11, 34] . Some authors report that fecal bacteria in soiled bedding may produce increased concentrations of endotoxin compared to other settings and this may be an occupational health concern. The authors concluded that the percentage of dust and endotoxin in different types of rodent bedding could be an important factor affecting the occupational exposure of personnel working with laboratory animals causing airway inflammation, hypersensitivity pneumonitis, organic dust toxic syndrome (ODTS), chronic obstructive pulmonary disease (COPD) and asthma-like syndrome, as well as having harmful effects on the animals themselves [33] .
Pathogenic moulds, yeast and their products may also exist in the air of animal units, causing further risk for personnel working there. In particular, (1,3)-β-d-glucans are non-allergenic and hardly soluble in water glucose polymers, which consist of a part of the cellular wall of most fungi, but also many plants and some bacteria. Due to their presence in both viable and dead cells, they may be considered a good indicator of exposure to fungi [35] . Although little information is available on their health effects in animal facilities, however, their association with dry cough, cough associated with phlegm, hoarseness, and atopy, has been reported in different studies [36] [37] [38] . Very few and not recent investigations dealing with airborne biological agents in laboratory animal settings, other than allergens, can be found [12] [13] [14] [15] 39 ] to date. These issues have received little attention in our country. The objective of this study was to determine factors (working tasks, cage changing frequency and animal strains) were associated with the greatest level of exposure to biological agents of the personnel working with rodents through the measure and characterization of airborne viable fungi, bacteria, endotoxin, (1,3)-β-d-glucan and animal allergens.
Materials and Methods

Animal Facility
The study was conducted in a Biomedical Research Institute where animals are maintained in agreement with Italian Legislative decree 26/2014 [40] . The facility includes 14 conventional animal rooms (3 housing rats and 11 housing mice) where animals are housed in stainless steel wire cages (on average 2-3 animals/cage) with perforated floor and trays underneath; filters on the top prevent the distribution of airborne particles. Each cage is stacked in a rack that can hold up to 30 cages for mice and 24 for rats. The facility houses about 7000 rodents.
The racks are washed every 4 months. The cages and their equipment (grids containing bottles of water and feed, the bottles and soiled bedding) are changed once or twice per week depending on experimental protocols. When cages are changed, a clean rack is brought into the room, animals and accessories are moved to new cages and dirty cages are moved to the cage-washing area where they are emptied and washed (dirty washing area). Subsequently, the cages are allowed to dry and restacked for future use (clean washing area). There is also a storage area where preparation of the bedding and distribution of feed are carried out; these activities are performed only in the afternoon. The staff is divided into laboratory technicians and researchers; laboratory technicians perform shifts of 8 h and 30 min, and are engaged in changing cages, bedding and feeding animals, cleaning rooms, washing cages; researchers are engaged in several experimental procedures such as collecting blood and urine specimens, surgery and sacrifice. Personal protective equipment is required for all personnel working in the facility and includes surgical cap, mask, gloves, shoe cover, and disposable coat.
Animal rooms and the storage area have a ventilation system separate from the rest of the facility. The outside air is collected and treated by an Air Handling Unit (AHU) located on the coverage plan. Another AHU treats the air entering the two washing areas. In each work environment the air enters through vents located on the ceiling (two in each room), while the exhaust air is removed through grilles located on the walls near the floor (four in each rooms) or on the ceiling in the dirty and clean washing areas. In animal rooms 15-20 air changes per hour are guaranteed; the values of temperature and relative humidity are maintained in a controlled range (T: 20 • C ± 1 • C; RH: 45-55%).
Sampling and Analysis of Airborne Bacteria and Fungi
Triplicate air samples were collected using a portable microbiological sampler (SAS Super ISO, PBI International, Milan, Italy) at a flow rate of 100 L min −1 , from 10 workplaces: 7 animal rooms randomly selected (3 housing rats and 4 housing mice) (see Table 1 ), 2 washing areas (dirty and clean), and the storage area. Two offices were investigated: the technician's and manager's offices. All measurements were taken in the middle. In order to evaluate the influence of changing cages on environmental contamination, in animal rooms air samples were taken over three consecutive days: the day of changing cages, the one before, and the one after. Regarding the storage area, air sampling was carried out in the morning (without activity) and in the afternoon. Air volumes of 300 L were sampled. Total cultivable and Gram-negative bacteria were impacted on Tryptone Soy Agar (TSA) and Mac Conkey 3 (McC 3 ) plates, respectively, fungi on Malt Extract Agar (MEA) and Dichloran Glycerol Agar (DG18) (all from Oxoid S.p.A, Milan, Italy). TSA and McC 3 plates were subsequently incubated for 1-2 days at 37 • C (mesophilic bacteria), DG18 and MEA at 25 • C for 7-10 days.
The bacterial isolates were identified with microscopic and biochemical methods by API 20E and NE tests (bioMerieux, Marcy l'Etoile, France) and Microstation ID instrument (Biolog Inc., Hayward, CA, USA). Identification of moulds and yeasts were accomplished via macroscopic and microscopic examination, referring to the manual Medically Important Fungi: A guide to Identification [41] , while biochemical identifications were performed using the Microstation ID instrument. Data are expressed as CFU/m 3 . The limit of detection (LOD) was 2 CFU/m 3 . The uncertainty assessment results are presented in Table 2 .
Inhalable Dust Sampling and Analysis of Endotoxin, (1,3)-β-d-glucan and Allergens
Stationary inhalable dust samples were collected using airChek2000 pumps (SKC Inc., Eighty Four, PA, USA), at a sampling flow rate of 2 L·min −1 , equipped with stainless IOM sampler and glass (GF, pore size 1.6 µm) and polycarbonate (PC, pore size 0.8 µm) for respectively endotoxin and (1,3)-β-d-glucan analysis.
Closed-face cassette with support pad and mixed cellulose ester (MCE, diameter 33 mm, 0.8 µm porosity), at a flow rate of 2.5 L·min −1 , were used for allergen sampling. Samplers were placed in the middle of the room at 1.5 m above the floor to simulate human breathing zone. A field blank was deployed on each sampling. The sampling strategy was the same as environmental monitoring (three consecutive days in animal rooms, in the morning and in the afternoon inside the storage area). The sampling time was 3 h.
GF extracts (5 mL of 0,05% Tween 20 in Pyrogen Free Water) were centrifuged at 1000× g rpm for 20 min. and analysed in duplicate with Kinetic LAL method (QCL-LAL assay Lonza Walkersville, MD, USA). Concentrations are reported in EU/m 3 . The LOD was 0.005 EU/mL.
For (1,3)-β-d-glucan, PC extracts (5 mL of 0.85% NaCl and 0.05% tween 80) were vigorously shaken for 30 at room temperature (250 rpm) and analyzed with the (1,3)-β-d-glucan specific Kinetic Chromogenic LAL assay (Glucatell, Associates of Cape Cod), as previously described [42, 43] . Table 2 .
(*) Type A standard uncertainty with a confidence level 1-α > 0.95 using the Student's T to find the appropriate coverage factor based on degrees of freedom. (**) Measures are detected in the morning (without activity) and in the afternoon (during activity). 
Statistical Analysis
One way ANOVA and Students't-test were considered to evaluate significant differences in environmental biocontaminant concentrations in various work tasks and areas. Univariate and multivariate, both fixed and mixed effect linear regression models were used, in which the concentration of the different biological agents acts as outcome variable.
Data were analyzed using the statistical software R (R Foundation for Statistical Computing, Vienna, Austria-ISBN 3-900051-07-0, URL http://www.R-project.org). Table 1 shows strains and number of animals (divided into males, females and pups) housed in investigated rooms (A-G) and the frequency of changing cages. Concentrations (mean value and standard deviation) of mesophilic bacteria, fungi, endotoxin, (1,3)-β-d-glucan, Rat n 1 and Mus m 1 detected in each working areas are reported in Table 3 . Regarding animal rooms, data are also presented by sampling room and the number of rodents is indicated.
Results
Airborne Bacteria and Fungi
A total of 306 air samples were analysed. Mean mesophilic bacteria levels ranged from 33.8 to 480 CFU/m 3 with a peak value of 885 CFU/m 3 found in an animal room during the changing cages. Gram-negative concentrations were below the LOD (2 CFU/m 3 ) except for animal rooms, during the changing cages, and for the storage area where a mean value of 3 CFU/m 3 was recorded. Among a total of 18 genera and species, the most frequently isolated were Staphylococcus warneri (23.9%), Staphylococcus xylosus (21.4%) Micrococcus spp. (14.5%), Acinetobacter schindleri (10.4%).
Colonies of Escherichia coli, Enterobacter cloacae and Enterococcus faecalis (risk group 2, according to Annex XLVI of the Italian Legislative Decrees [44, 45] , were isolated in four animal rooms during the changing cages.
Mean concentrations of moulds and yeasts were low (flora was dominated by moulds such as Alternaria, Ulocladium, Cladosporium, Penicillium, Eurotium, Aspergillus, Scopulariopsis, Phoma, with occasional isolates of yeasts. No pathogen was identified.
Endotoxin, (1,3)-β-d-glucan and Allergens
The mean concentrations of endotoxin, (1,3)-β-d-glucan and allergens (See Table 3 ) were obtained on 89 samples taken in different occupational environments. Statistically significant differences were found between offices and animal rooms, these last having a higher concentration of endotoxin (p = 0.00616) and between the animal rooms and the storage area in the concentration of (1,3)-β-d-glucan (p = 0.038).
The evaluation of allergens was performed on 181 air samples for ELISA tests. Mus m 1 allergens were detected in all working areas except for offices, with the highest value (61.5 ng/m 3 ) in the dirty washing area while Rat n 1 allergens were absent except for in animal rooms. Can f 1 and Equ c 4 allergens were absent while Fel d 1 allergen was detected in rat rooms with the highest levels during the changing cages activity (range 0.4-3 ng/m 3 ). 
Effect of the Working Activities
One of our main questions was whether or not specific working tasks may cause an increased risk of biological exposure for personnel working in animal facilities. The hypothesis that the airborne concentration of biocontaminants could increase during the changing cages was tested. To point out the increase in level of (1,3)-β-d-glucan the time was considered a two-level factor: sampling during the changing cages was compared to the sampling before and after. The β-glucans concentration "during" increases on average by a factor of 1.3 with respect to the concentration "before" and "after" and the difference is statistically significant (p = 0.04). For endotoxins, a mixed effect linear regression model was used in which animal room was introduced as a random effect variable. The concentrations increased on average by a factor of 1.8 with respect to the levels before or after (p = 0.04). The highest mean concentrations of endotoxin (210.7 EU/m 3 ) and (1,3)-β-d-glucan (4.3 ng/m 3 ) were measured in the afternoon during the preparation of bedding and distribution of feed (storage area) (See Table 4 ).
The allergenic concentration was treated as a continuous variable. As in the case of endotoxin, to increase the statistics, the time was considered a two-level factor and a mixed effect linear regression model was used with the animal room treated as a random effect variable. The concentration level of the mouse allergenic contaminant increases on average by a factor of 9.3 with respect to the levels before or after the changing cages (p = 0.037). 
Effect of Animal Strains and Changing Cages Frequency
In order to determine the effect of the animal strains on environmental biocontamination, the concentration measured in animal rooms was normalized according to the number of animals. This normalized quantity was related to the strain treated as a two level factor. In the case of the mesophilic bacteria and endotoxin, the average level was lowered in the case of mice with respect to the case of rats by a factor of −0.5070 (p = 0.020) and by a factor of −0.032 (p = 1.5·10-8) respectively. The result was not statistically significant for Gram-negative bacteria, fungi and (1,3)-β-d-glucan.
To test if animal species have an effect on the allergenic pollutants concentration, a Pearson's Chi-squared with Yates' continuity correction test was applied. The test was statistically significant in the case of the Mus m 1 and Fel d 1 (p = 0.004 and p = 0.045 respectively). The positive result of the Mus m 1 is statistically associated with the mouse species whilst the Fel d 1 is statistically associated with the rat.
In regards to the cage changing frequency, the concentrations normalized to the number of animals have been compared with once per week and twice per week cage changing frequency, treated as a two-level factor. A statistically significant difference has been found only in the case of mesophilic bacteria concentration. The twice per week frequency has on average a bacteria concentration reduced by a factor of 0.13 with respect to the level of rooms with a once per week frequency (p = 0.019).
Discussion
To the best of our knowledge, this is the first Italian study which assesses the exposure to biological agents in a conventional animal facility, taking into account the biocontamination of different occupational areas in conjunction with the effect of specific working tasks, cage changing frequency and animal strains on it.
The most frequent genera identified in this study are common skin inhabitants and are thus easily shed into the environment on desquamated epithelial skin cells. Some bacterial species have been reported to cause a variety of diseases, ranging from pneumonia (Acinetobacter) to intestinal infections (E. coli) (https://www.cdc.gov). Other microorganisms, such as Enterobacter and Pseudomonas, exhibit a high degree of biological activity, are producers of endotoxin, and often show strong allergenic properties that increase the risk of disease in workers [46, 47] . However, colonies of bacterial species belonging to risk group 2, according to the Italian Legislative Decrees 81/2008 and 106/2009 [44, 45] , have been isolated in some animal rooms during the changing cages. With regard to endotoxin, no regulatory value is currently available, but various recommendations are available. Among them, Dutch Expert Committee on Occupational Standards recommends an occupational exposure limit of 90 EU/m 3 [48] . Endotoxin concentrations measured in this study were below this standard in all settings except for the storage area during activities where a mean value of 210.6 EU/m 3 was observed. Our data confirm what was reported by Kaliste et al., 2002 [33] , that bedding material could be a significant source of accumulation and release of bacterial endotoxins. This evidence was demonstrated also by Whiteside et al., 2010 [49] who measured a range of endotoxins between 3121 and 5401 EU/g in hardwood rodent bedding.
Endotoxin concentrations measured in this study are higher than those reported by Hwang et al., 2016 [50] , who found a mean value of 0.14 EU/m 3 (range = 0.03-0.60 EU/m 3 ) in an animal laboratory housing mice, where the main tasks were feeding/weighing with air exchange rates comparable to ours, and then those reported by Pacheco et al., 2006 [13] who measured a mean endotoxin concentration of 315 pg/m 3 (about 3.15 EU/m 3 ) with a peak value of 678 pg/m 3 (corresponding about 6.78 EU/m 3 ) during the changing cages in a mouse facility.
Our data are also slightly higher than those reported by Ooms et al., 2008 [39] (mean value = 4.7 EU/m 3 ; range = 3.4-6.3 EU/m 3 ) in rabbit rooms; this difference may be attributed to higher mechanical air-change rates (30.3 air changes/h) in the animal housing space. Finally, results of the present study are quite lower than those shown by Lieutier-Colas et al., 2001 [15] , who found the highest concentration (15.4 ng/m 3 = 154.7 EU/m 3 ) associated with cage cleaning and feeding in animal rooms housing rats.
The detection of endotoxin in the technician's office (mean value = 2.3 EU/m 3 ) suggests that these components may be carried on clothes and shoes or on airborne particles like allergens.
The highest levels of (1,3)-β-d-glucan were found in the storage area, indicating that activities performed in this environment were also associated with an increased exposure to fungi, some of which belong to strongly allergenic and mycotoxin producers genera (Alternaria spp., Penicillium spp.).
Regarding animal allergens, no occupational environmental limits are available, partly due to the lack of standardized measurement methods and partly because of complex exposure-response relationships and the influence of genetic susceptibility; it is important to keep the allergen exposure as low as possible.
We found the highest concentration for Mus m 1 in the dirty washing area (mean value = 61.5 ng/m 3 ) and its concentrations increased significantly during the changing cages on average by a factor of 9.3 with respect to the levels before or after (p = 0.037). Straumfors et al., [16] in a recent paper report that cage emptying and cage washing in the cage washroom represented the highest exposure with a median value of 3.0 ng/m 3 for Mus m 1. The lower concentration found by these authors could be explained by the use of individually ventilated cages in respect to cage-rack systems and by the different sampling methodologies (stationary versus personal monitoring).
Our data regarding the highest values of Mus m 1 in respect to Rat n 1 in animal facilities are in agreement with the ones reported in literature (range: 17-564 ng/m 3 for Mus m 1; 0.43-27.36 ng/m 3 for Rat n 1) [1, 15, 51] .
For cat allergens (Fel d 1), limit values between 2 and 8 µg/g Fel d 1 for sensitization and above 8 µg/g for the development of acute asthma attacks, respectively, have been proposed [52] . In this work we measured concentrations at risk of sensitization (>2 µg/g) in two rat rooms.
The detection of cat allergens (Fel d 1) in animal rooms is unexpected, along with the presence of rat and mouse allergens (Figure 1) , showing a cross-contamination likely due to the passive transport by operators themselves; this highlights their role as vehicle between occupational areas and living environments [53] [54] [55] [56] . Figure 1 . Aeroallergen levels over three consecutive days in mouse and rat rooms: before, during and after changing cages (Each circle represents the observed value and dimension/diameter indicates the concentration).
Conclusions
The environmental monitoring of airborne biocontaminants has been confirmed as a valid tool to identify the working tasks more critical in terms of exposure to biological agents in animal facilities.
Statistical analysis proves that the changing of cages is a determinant factor in increasing the concentration of all the airborne biocontaminants and in releasing biological agents that could risk the health of workers. It can also be pointed out that the concentrations of the biocontaminants increase significantly during this task with respect to the other days, but return to the background levels indicating the effectiveness of the ventilation system. Our data also identify the preparation of bedding and distribution of feed performed in the storage area as critical working tasks in terms of exposure to endotoxins, fungi and (1,3)-β-d-glucans.
The frequency of the changing of cages does not seem to affect the microbiological contamination; a statistical difference has been found only in the case of mesophilic bacteria levels. In regard to the animal strains, rats seem to influence only mesophilic bacteria and endotoxin levels.
Our data can be particularly useful for increasing knowledge about the biological risk in this occupational sector and to support all actors of prevention, employers, health and safety representatives and workers in all phases of risk management.
Simple preventive measures must be adopted to control the biological risk in this occupational setting. Funding: This research received no external funding.
